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Abstract 
Successful construction professionals are adept at developing plans and schedules for delivery of projects within contractual 
constraints.  Decisions are made either quantitatively or qualitatively to improve the potential for success in terms of cost and time 
measures for a prescribed level of quality.  Proactive sustainability considerations are often secondary concerns on individual 
projects.   When explored from an industry perspective, however, construction activities produce significant carbon emissions and, 
in an economy such as Dubai, are a primary contributor to the overall carbon footprint.  In order to make a difference in energy 
sustainability of the country, sustainable site operations are thus a priority and have significant importance.  Options for 
development of a construction-specific decision support tool are therefore investigated.  Qualitative, quantitative and algorithmic 
approaches are examined, discussed and evaluated for application on commercial construction sites.  The feasibility and 
practicability of implementation in traditional and turn-key contexts are evaluated and suggestions for implementation proposed.     
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1.Introduction 
Sustainability and sustainable development have emerged to become global priorities with green building and 
green development projects implemented in the majority of countries worldwide.  These projects follow rating and 
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certification processes, such as the prevalent LEED and BREEAM approaches formulated and developed in the US 
and UK respectively.  In the United Arab Emirates (UAE), the Estidama Pearl rating system has been developed in 
Abu Dhabi using a similar philosophy to LEED and BREEAM but tailored for consideration of the desert-climate of 
the Arabian Peninsula.  Regulatory efforts have also been established through the Dubai Green Building Regulations 
and within the Abu Dhabi International Building Code.  These efforts ensure green design principals in all new 
structures and developments and thus reflect the commitment of the UAE to global energy sustainability principles.   
There is limited consideration of construction operations in the existing rating systems.  Construction operations 
are often discounted due the short-term nature of the construction process when compared to the long-term operation 
of the facility.  This may be true on a project by project basis; however, when construction operations are considered 
collectively, the overall emissions and subsequent contribution to carbon footprints may be substantial.  This is 
certainly the case in the UAE and the Arabian Gulf States whose per-capita carbon footprints are among the highest 
in the world.  In the UAE specifically, the construction sector contributes substantially to the economy being the third 
largest economic sector behind tourism and finance [1].  Collectively, it has been estimated that the construction 
activity UAE-wide may contribute up to 40% of the total emissions in the country [2], which thus establishes the 
industry as a majority contributor to the high carbon footprints.  The importance and impact of the sector thus demands 
significant attention for energy sustainability and carbon reduction. 
Through the sponsorship of the Emirates Foundation, research is being performed to explore avenues for 
consideration of sustainability within decision making for construction operations.  Variables considered in LEED, 
the Sustainable Sites Initiative (SITES), BREEM, Estidama and the Dubai Green Building Regulations were examined 
to isolate construction specific considerations.  In each of the approaches, parameters considered focus on the final 
constructed facility and there is minimal quantitative consideration of construction operations.   
The principles applied in each of the initiatives and rating systems can certainly be employed to evaluate on-site 
facilities, such as offices and cabins, and other non-emissions based factors, such as light or sound pollution.  Factors 
which could be considered based on the rating approaches and regulations include:  
• Efficient water usage during construction 
• Minimization of sound and light pollution 
• Utilization of renewable sources of energy to complement existing site power 
• The use of energy efficient facilities and proper orientation for lighting and thermal control 
• Effective utilization of materials, minimization of material waste and institution of recycling.  
These factors, if implemented, will make a difference in the physical site; however, more must be done if an impact 
is to be made in reducing the carbon footprint of the construction operations.  Joan Ko, in work performed in the UK, 
identified that the majority of emissions were generated through on-site construction activities and transportation for 
construction purposes. [3].   Therefore, efforts related to operations and transportation could and should employ: 
• Newer, more fuel efficient vehicles with low sulfur diesel fuel 
• Effective and proactive maintenance of equipment 
• Planning and optimization to ensure consolidation of operations and more efficient use of equipment 
• Better measuring and monitoring of operations to ensure less non-productive time and minimize energy waste 
• Implementation of best practices for labor management, site hygiene and construction safety.    
If these actions and considerations were routinely employed on construction sites for the purpose of minimizing 
the ecological impact of the construction process, a significant impact could be made on the industry and the country.   
However, in most construction activities, there is little incentive for implementing sustainable features as the industry 
is cost and time driven.  Many of the activities are perceived to be costlier or to reduce productivity.  This is not always 
the case and many of the construction operations-associated suggestions itemized above for operations and 
transportation have proven long-term cost and schedule benefits.  Many of these benefits, however, are indirect and 
unseen by the decision makers.  This further creates challenges for prioritization or implementation of such actions 
that may provide benefit for sustainability.   
To explore options for development of a construction-specific decision support tool for sustainability, the 
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constraints within the industry and alternative approaches for implementation are explored.  Qualitative, quantitative 
and algorithmic approaches are examined, discussed and evaluated for application on commercial construction sites.  
The feasibility and practicability of implementation in traditional and turn-key contexts are evaluated and suggestions 
for implementation proposed.     
2.The Construction Process and Construction Decision Support 
The construction process involves numerous parties, is resource driven and capital intensive, incorporates 
extensive disparate materials and equipment, involves substantial risk, and requires effective and proactive 
management for ultimate success.  The process is project-oriented and progresses through a well-defined project life-
cycle from idea and concept to project initiation and through disposal.  Decision are made through feasibility analysis, 
conceptual planning, preliminary design and detailed design to produce plans, specifications and other contract 
documents.  Once defined, the contractor is selected through bidding/tendering and construction is completed prior to 
startup/turnover and in-service operation.    
The principal parties involved in the process of construction project delivery include the owner, the designer 
(architect and/or engineer), consultants and the general contractor.   The traditional arrangement of these parties and 
the project-life cycle stages where they are involved is shown in Figure 1.  This organization, termed as the traditional 
form of project delivery, includes the architect/engineer for pre-construction activities, the consultant or designer for 
agency oversight during the construction process and the general contractor for close-held procurement and 
construction.  In this form of project delivery, the pre-construction design decisions strongly influence the cost, the 
schedule, the quality and the sustainability of the constructed facility.  What is to be constructed is determined through 
the design process, which does not involve the general contractor.  Details of how the facility is constructed is typically 
the purview of the general contractor and determined by the construction management team subject to any owner and 
designer imposed constraints.     
To accelerate the project delivery time-line, alternative forms of project delivery have been developed and 
implemented.  These accelerated forms include design/build where the owner solicits a design-build/turnkey 
contractor whom acts as a one-stop shop for the owner.  The design-build contractor is responsible for assembling 
both the design and the contracting services.  This permits overlapping of the design and construction activities saving 
time for overall facility delivery.  The design-build form of project delivery is shown in Figure 2.   
Outside of owner-placed constraints in either the traditional or turn-key approaches, there are typically no mandates 
requiring sustainable construction activities.  Sustainability in the construction process is thus seldom prioritized.   
This is further complicated by the lack of defined approaches for consideration of sustainability within construction 
decision making.  The decision making process for construction tasks is therefore outlined to give a guidance and 
understanding of the opportunities for incorporation of sustainability within the process. 
 
 
 
Figure 1: Parties Involved in Traditional Form of Project Delivery 
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Figure 2: Design-Build Organization for Project Delivery 
 
3.Construction Activities:  
3.1.Pre-construction/Pre-contract Award: Developing the Estimate and Submitting the Bid 
A contractor first engages in a project that is organized in the traditional form of project delivery with a competitive 
bid solicitation through the development of the estimate.  The construction cost estimate, philosophically, requires the 
estimating team to ‘virtually’ construct the facility based on plans, specifications and contract requirements.  
Assumptions are made as to techniques employed, crews utilized, equipment spreads, and productivity rates.  Each of 
these assumption influence the cost and the schedule.  The estimating process begins with development of the work 
breakdown structure followed by quantity takeoff and item pricing (with and without overheads).  Once complete, the 
bid is assembled in the required format and submitted for consideration.  If the contract is awarded, the bid price and 
associated bid assumptions form the basis for the contract irrespective of the form of payment (lump-sum, cost plus 
or unit-price/remeasured).  Success in this process is determined through the competitiveness of the bid.  The 
estimator, therefore, seeks to determine the lowest overall competitive cost.  If sustainable equipment is costlier or 
less productive, it is unlikely that the bid price will be developed using sustainable equipment assumptions.   
3.2.Pre-construction/Post-contract Award: Planning and Scheduling 
If the project bid is successful, the contractor is awarded the project and has a period of time to plan and prepare in 
order to begin construction when given the letter of commencement.   During this time, the contractor must use the 
estimate to develop the project schedule, which may require approval by the owner.  The project management team 
will base decisions in planning and scheduling upon the assumptions made in the construction estimate.  Techniques 
assumed may be challenged and changed. Where alternative approaches are taken, however, the project management 
team must be cognizant of the effect on the project costs and time to ensure overall project success.  Should an 
alternative approach to construction result in decreased costs, the contractor has an opportunity for additional 
profitability.  Should the cost increase, the additional expenditures will erode profits unless countered by decreased 
time or alternative cost-reduction benefits on other activities.  Thus, sustainability actions are not likely to be included 
in the project plan where they increase costs or time.  This creates disincentive as activities may increase first costs or 
be generally perceived to increase first costs irrespective of sustainability benefits or life-cycle costs.  Thus, it is not 
likely that sustainable actions will be intentionally pursued without external motivation to drive consideration. 
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3.3.Value Engineering and Additional Preconstruction Activities 
Nearly all general conditions will include provisions and incentives for the contractor to perform value engineering, 
which is a formalized process to add value for the owner by changing the design details.  This process and the guiding 
provisions place the responsibility of the value engineering process and value engineering costs on the general 
contractor subject to owner and designer approval.  Provisions permit any recommendation for increasing value, 
including sustainability improvement.  However, payment is routinely defined on the basis of cost savings to the 
owner; therefore, value-added proposals which do not decrease cost substantially are not typically introduced or 
implemented.  Alternative language would be required through the supplementary conditions to incentivize proposals 
for increasing sustainability value.   
There are numerous additional preconstruction activities that must be undertaken prior to the letter of 
commencement.  Contracts must be finalized with subcontractor and material suppliers in conformance with details 
on the plans and specification.  To use a sustainable material where one is not specified requires either conformance 
or exceedance of the existing specifications or a change order/variation to the construction contract.  Such changes 
may have cost and time implications that may are be advantageous to the owner.   Contractors must also finalize 
financing, insurances, bonding and other contractual duties as per contract. Equipment and labor must be assembled 
and commitment obtained for their allocation to the project.  It is presumed that best practices will incorporate resource 
scheduling and/or leveling for efficient use of equipment and resources on the site, which will have positive effect on 
the project sustainability.  Best management practices with respect to productivity and construction safety should also 
be employed as such activities have positive benefit on the cost and schedule in addition to the sustainability.      
3.4.Activities During the Construction Process and Project Close-Out 
When the estimate is developed, accepted and contract terms finalized, the cost of the project is solidified.  In a 
lump-sum project, the final cost does not change outside of change orders and variations. In unit price/remeasured 
contracts the final price is determined by as-placed quantities and pre-determined unit prices.  The goal of the 
contractor during the period of construction in either form is to deliver the project within the time constraints, to 
conform with contractual obligations, and to remain within budgets to protect profitability.   Where costs or time 
deviations occur in project delivery, additional costs are typically incurred; therefore, the goal of project delivery is to 
maintain and control the schedule in order to ensure overall cost, time and quality success. This is a challenging task 
and there will be little consideration of introducing sustainable options at this stage.  Sustainable elements, such as 
energy efficient offices and recycling facilities, may have already been implemented if cost advantageous or required 
as per contract.  During project completion, startup and turn-over, details are finalized and delivered.  Opportunity 
does not exist for positive change at the end of the project where the contractor has finalized their obligations.    
4.Options for Sustainable Construction Decision Support 
As may be evident through the above discussion, sustainability is best considered before construction commences. 
This further requires that the introduction of sustainability in the process be driven and motivated by the owner through 
the contract documents.  There are three alternate philosophies that could be employed:  
1. Specifying performance and actions that must be taken by the contract (i.e. regulating specific actions) 
2. Developing a rating-based approach similar to the philosophies employed by LEED and Estidama for 
implementation and evaluation of the construction process.  The owner would then require contractors to 
demonstrate achievement of a specific rating/level of performance (i.e. silver/gold, number of pearls, etc.),  
3. Require implementation of a sustainability-based management process, similar to value engineering or require 
specific management activities, such as sustainability-oriented optimization of resources.  These could be 
required as part of the project planning and approval process.   
Each of these approaches are explored and discussed and alternatives are evaluated.   
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4.1.Requiring Specific Actions in the Contract Documents 
There are many specific actions that are required to be performed by the general contractor as part of the conditions 
of the contract (obtaining bonds, providing for public safety, ensuring conformance with labor laws, providing offices 
and cabins for rest, etc.).  These conditions are normative and the contractor must provide facilities and conditions to 
necessary to satisfy the requirements and demonstrate successful compliance to the owner and/or consultant.  The 
costs associated with such actions are thus considered as overheads.  Additional overheads can be specified through 
sustainable prerequisite actions regulated and required in the contract documents, such as the following: 
• All construction equipment will utilize low-sulfur diesel fuel or biodiesel 
• No combustion-engine based equipment older than a specified number of years (3, 4 or 5?) shall be used on site 
(presuming newer equipment has better fuel economy) 
• Construction equipment shall not idle more than a specified number of minutes.  Productive or supporting activities 
must be commenced or the equipment turned-off to minimize emissions.   
• Equipment must include monitoring capabilities to evaluate idle versus operational time and efficiency.   
• The contractor shall employ resource leveling for all major equipment and shall produce an initial and a post-
leveled resource histogram for major construction (documenting a specific level of improvement). 
• All offices shall be ‘green’ cabins, defined by standards (such standards would specify insulating values, types of 
materials to avoid VOC’s, window and daylighting minimums, etc.).   
• The contractor must connect to the community/city/county power grid within 3 months of receiving the letter of 
commencement.   After connection to the power grid, no external combustion generators will be employed.   
There are innumerable numbers of specifications that can be introduced for a given project.  Each requirement, 
however, may potentially increase contractor overhead costs and project schedules and the owner must be willing to 
pay additional costs and/or accommodate additional times assuming the resulting schedule delays are justifiable.  The 
costs of the actions would have to be studied in further detail and consensus developed among the owners’ engineering, 
legal and leadership staff prior to implementation. 
4.2.Developing a Rating-Based Approach for Construction Operations 
An alternative approach to regulation is the establishment of a rating-based approach for construction operations 
using a philosophy and approach similar to that employed by LEED, BREEAM and Estidama [5, 6, 7].  In this 
approach, a rating process is established with points and credits achieved based on actions taken for positive change 
in the construction process when compared to baseline activities.  Achievement of specific improvement levels of 
sustainability on the job-site would correlate with specific ratings and levels of performance.  This could utilize ratings 
such a silver, gold and platinum similar to LEED, percentages similar to BREEM (and percentages correlating with 
good/very good/outstanding) or Pearls similar to Estidama.   The owner would still have to incentivize the contractor 
to demonstrate achievement of a specific rating/level of performance or alternatively specify minimum levels of 
achievement within the contract documents.  Over time, it is possible that market-demands may persuade general 
contractors to implement green practices voluntarily; however, as these market-demands do not exist, the change must 
be driven by the owner.   
A draft rating system has been outlined based on the factors previously discussed and identified.  This is shown as 
follows.  Collaboration with industry and government leaders and the Emirates Green Building Council will adjust 
the specific categories, the associated weights and the criterion for categorization of the various levels of performance 
(i.e. pearls or silver/gold levels) for sustainable construction.  Specific considerations and weights could be as follows, 
based on a 100-point scale.  Practices employed by the contractor within the project plan enables assessment of 
performance in each category and guides the assignment of points.  Points and categories are as follows: 
• 15 points: Energy efficiency of on-site facilities 
• 30 points: Effective use of construction equipment 
- Leveling to minimize start-stop inefficiencies and excess equipment mobilization.   
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- Consolidation of construction equipment operations where practicable 
- Minimization of non-productive time 
• 8 points:  Job-site layout efficiency 
• 7 points:  Use and re-use of false-work and temporary structures  
• 10 points:  Minimization of material waste and re-cycling/reuse of materials 
• 10 points: Early connection to the power-grid 
• 10 points: Employing best practices for labor productivity, site safety and hygiene 
• 10 points: Incentivizing subcontractors and material suppliers for sustainable operations 
It should be noted that the ratings and specific criterion considered above only focuses on emissions based factors.  
Other factors, such as dust-control, noise and light pollution abatement, water use minimization and water efficiency, 
can be integrated through complementary points systems or as prerequisite requirements for planning.  With a rating 
system established, the correlation of the rating achieved to a level of performance, such as the number of pearls 
(Estidama), silver/gold/platinum (LEED), or pass/good/excellent (BREEAM), can readily be developed, employed 
and applied to guide sustainability improvement.   
As mentioned, project owners must drive this change through prescription of minimum levels of performance in 
the contract documents until market-forces drive sustainable construction operations independent of mandates.  The 
owner, for instance, could state that the general contractor must achieve a three-pearl designation for construction 
activities on-site.  It must be recognized that the owner will, in most cases, incur higher costs.  The specific additional 
cost will vary based on the project options and levels desired by the owner.  As time progresses, cost impacts are 
expected to be influenced by market demands, which will ideally decrease the overall cost impact.      
4.3.Implementing Sustainability Workshops 
The third option discussed involves implementation of a sustainability-focused management process, similar to 
value engineering, as part of the project planning and approval process.  This can be implemented through a workshop-
focused approach during the pre-construction period in conjunction with the planning effort.  Specific elements, such 
as resource optimization for emissions minimization, could be prerequisites to this process. The sustainable workshop 
requires structure and should be employed following approach similar to to those defined by SAVE International for 
Value Engineering.  The steps in the value engineering methodology and the correlated activities which for a 
sustainability workshop following SAVE International guidelines are as follows: 
1. Information Phase – This stage requires the collection of information so that the team can understand the 
project, can understand the constraints and goals, and can evaluate the objectives of the study workshop.  
2. Functional Analysis – This phases is a core-element of value engineering and correlates verb-action 
combinations of activities in a flow-chart style flow connecting the ‘how’ to the ‘why’ for the elements 
under consideration.  For sustainability, an approach to map processes will be beneficial to focus the 
workshop team on elements and processes for improvement through the creative phase.   
3. Creative Phase – This phase provides ideas and uses a wide variety of techniques, such as brainstorming, 
morphological analysis, checklists and flow-charts, and fishbone diagrams to facilitate ideas. 
4. Evaluation Phase – Ideas developed through the creative phase are evaluated for feasibility. 
5. Development Phase – Ideas are developed into specific proposals. 
6. Presentation – Proposals are presented to the decision makers, which will be the contractors and/or owners. 
The goal of the exercise will be to demonstrate specific improvements in the sustainability of the construction site 
operations.  Improvements must be proven and shown quantitatively and, where multiple options exist, 
recommendations must be made between alternatives.  Numerous options exist to facilitate this, such as analytical 
hierarchy processes.  The sustainability workshop culminates with presentation of specific recommendations, 
evaluated on the basis of feasibility and effectiveness for the owner’s consideration.  The decision of whether to 
implement the recommendations is the responsibility of the project owner who ultimately bears the costs.    
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5.Recommendations and Conclusions  
In the United States, the UK and the UAE, efforts have been developed and positive impacts are being made through 
LEED, BREEAM, Estidama and the Dubai Green Building Regulations [8].  These systems focus on the completed 
facility and specific consideration of the sustainability of the construction process is limited.  There is little 
consideration of the sustainability of construction operations which collectively may have significant impact on energy 
sustainability.  To increase the effectiveness of implementing projects in a sustainable fashion, various approaches for 
construction sustainability were outlined and each examined and discussed.  One approach is to mandate and regulate 
specific country-wide and project-specific actions.  Each country has already established regulations that, while not 
intended for construction, have had positive benefit on the industry.  An example of this is the mandating of ultra-low 
sulphur diesel (ULSD) fuel for highway-operated motor vehicles which has implemented in both the US and the UAE. 
The use of ULSD incurs a slight increase (5 to 8 cents/gallon) in direct costs and and slightly lower fuel economy, 
which “isn’t sufficient to detract from the fuel’s emissions-related benefits.” [5].  This mandate has changed the 
emissions for all construction-related deliveries and has further extended to influencing on-site equipment diesel usage 
due to market forces. Additional widely-applicable activities could be regulated nation-wide, such as the following: 
• Reusable forms shall be employed in all cases, unless written justification of single-use forms is provided. 
• Job-site waste must be recycled according to the norms of the locale where work is undertaken 
• ‘Green’ site facilities shall be employed on all sites.  Facilities shall conform with minimum natural 
lighting specification, minimum insulation values and lack of VOC’s.   
• All sites must generate or purchase a minimum amount of power through renewable sources.   
An alternative approach is the development of a rating system.  A draft rating system has been developed and 
continuing efforts will focus on development of industry leading consensus on rating values, specific variables and 
levels of performance in the future.  This rating system should complement regulation and should further be 
complemented by sustainability workshops for all complex, large cost, or high performance sustainable designs.  This 
workshop could be implemented in fashion akin to a value-engineering exercise. The options outlined are thus 
recommended to be synchronized to work together through a three-tiered approach.  With this approach, all projects 
receive sustainability benefit through the regulations. As the size of the project grows and the owners’ sustainability 
appetite increases, the bar is raised through additional project-level specifications or identification of minimum 
performance levels through the rating system.  Activities and sustainable performance can be further increased through 
the additional investment in sustainable workshop organization and results presentation to the owner.  It is the goal to 
continue to refine and implement this three-fold process improvement within Dubai, to progress and positively impact 
sustainable construction UAE-wide and ultimately provide benefits extending internationally.  
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